Objective: To evaluate the safety, quality and impact of point-of-care ultrasound on patient management when performed by rural generalist doctors. Design: Cross-sectional descriptive study. Setting: Six rural small hospitals serving a range of communities in rural New Zealand. Participants: All generalist doctors practising ultrasound in the study hospitals. Main outcome measures: Technical quality, accuracy, impact on diagnostic certainty, patient disposition and overall patient care. Result: Participants correctly interpreted 90% of images and a similar percentage of point-of-care ultrasound findings when compared with the results of formal imaging or the final diagnosis. In total, 87% of scans contributed to the diagnostic process, changing the diagnostic probability. There was a 4% overall reduction in the number of patients needing hospital admission or transfer to an urban base hospital. The overall impact on patient care was positive for 71% of point-of-care ultrasound scans. Three percent of scans had the potential for patient harm. Conclusion: Rural generalists' practise a broad scope of point-of-care ultrasound that, when used as a part of the full clinical assessment, has a positive impact on patient care, improving diagnostic certainty and reducing the need for hospital admission and inter-hospital transfer. There are challenges in learning and maintaining the skills needed to practise a high standard of point-of-care ultrasound in this context. Further consideration needs to be given to the development safe scopes of practice, training, credentialing and quality assurance.
Introduction
Point-of-care ultrasound (POCUS) is an increasingly common adjunct to the clinical assessment of patients in the rural setting. The number of rural generalist doctors acquiring POCUS skills and rural health facilities investing in ultrasound machines are growing. [1] [2] [3] [4] This trend is in line with other branches of medicine. [5] [6] [7] The limited access to formal ultrasound and other complex diagnostic imaging, which typifies rural and remote practice, makes POCUS particularly appealing in this context.
At the same time, POCUS is an advanced skill set that requires additional training and ongoing practice to achieve and maintain safe standards. 7 This can be a challenge for rural practitioners who have fewer local training opportunities and whose broad scope of practice means that they deal with low volumes of many presentations and procedures. New Zealand's (NZ's) dispersed rural communities are served by 26 small rural hospitals staffed by rural generalist doctors 8 whose training is overseen by the Royal NZ College of General Practitioners. 9 The majority of these doctors practise POCUS. This study assesses the POCUS skills of a sample of these doctors, both in obtaining and interpreting images. Furthermore, it assesses the impact of POCUS on diagnostic decisionmaking and patient management, with particular reference to disposition (i.e. the decision to discharge versus admit to local rural hospital versus transfer to urban hospital either by road or air ambulance). The insights gained from this study are intended to inform POCUS policy, training and credentialing in rural medicine.
Methods
The following combination of methods was used in this study: an audit of POCUS image quality and interpretation, a prospective comparison of POCUS findings to a gold standard and an outcome impact assessment.
All 29 POCUS-active doctors in six geographically dispersed NZ rural hospitals were eligible and invited to join the study. Only one doctor declined to participate. Information was collected from each participating doctor on all the POCUS scans they undertook as a part of their routine clinical duties over the 9-month study period in 2012. None of the study hospitals had surgical facilities or surgeons onsite, three had access to formal ultrasound during normal work hours and only one had a CT scanner at the time of the study.
The study included diagnostic POCUS examinations but not those used solely to guide procedures.
A 'case' was defined as the clinical assessment of one patient. Many cases involved more than one type of POCUS 'examination' (e.g. both the gallbladder and kidney might have been scanned). Some examinations included more than one POCUS 'finding'. For example, a cardiac 'examination' might have included the following findings: pericardial effusion and moderately impaired left ventricular function.
Data were derived from three sources: (i) a questionnaire completed by the participants; (ii) review of saved POCUS images; and (iii) review of clinical records. The data sources used for each study outcome are summarised in Table 1 .
Data sources Questionnaire
All the participants completed the questionnaire whenever they used POCUS to assess a case (Appendix I).
Information was collected on the type of POCUS examinations, the quality of the images obtained (selfassessed as either good, adequate enough for diagnostic purposes or non-diagnostic) and the POCUS findings (participants' interpretation of the images).
The questionnaire also asked participants to specify: (i) the percentage likelihood of each of the primary differential diagnoses they were considering (diagnostic probability); and (ii) the planned disposition for the patient. Both (i) and (ii) were recorded by the treating Table 4 Assessed scan quality
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Review of clinical records Table 6 What is already known on this subject:
• Point-of-care ultrasound is a common diagnostic imaging modality in rural Australia and New Zealand.
• Point-of-care ultrasound is a user-dependent technology that requires appropriate training and quality assurance.
What this study adds:
• In rural areas, point-of-care ultrasound improves diagnostic certainty and reduces hospital admissions and inter-hospital transfers.
• When used as a part of the full clinical assessment, point-of-care ultrasound has a positive impact on patient care.
• Errors associated with obtaining and interpreting point-of-care ultrasound images are not uncommon and indicates the need to mandate safe standards of training and recognised scopes of practice.
doctor (participant) prior to undertaking the POCUS ('pretest') and again after the POCUS scan, in the light of the additional clinical information that had been obtained ('post-test'). Changes between the pre-test and post-test assessments were used to determine the impact that POCUS had on diagnostic probability and patient disposition.
Review of saved POCUS images
The participants were asked to keep their electronic records of the images either as still images or clips. Members of the specialist panel (described below) reviewed all the available images. They categorised the technical quality of the images as either 'good quality', 'adequate quality', 'quality inadequate but still sufficient to make a diagnosis' or 'non-diagnostic' ('assessed scan quality'). They also reviewed the participating doctor's POCUS findings, deciding whether or not their interpretation was 'correct', 'partially correct' or 'incorrect' ('scan interpretation').
Review of clinical records
Two investigators (K. B. and G. N., both rural generalists) undertook a review of the clinical records of all the cases in the 6 months during the study period. Where possible, definitive findings of POCUS scans were determined based on the results of formal diagnostic imaging, the final diagnosis or a review of the saved POCUS images. The 'accuracy of POCUS findings' was determined by comparing these definitive findings with the participants' findings on the questionnaire. By evaluating the POCUS findings against the information available in the clinical record, the investigator categorised the impact the POCUS scan had on the patient's management as either nil, some, significant, major or negative. 'Nil' impact was where the POCUS scan was judged to have had no or minimal impact on patient management and included non-diagnostic scans. 'Some' impact on patient management included altering i.v. fluids or diuretics, confirming a diagnosis that was likely to have been made without the scan or ruling out an important, but very unlikely, diagnosis. Examples of 'significant' impact on management included changing the intended patient disposition (e.g. deciding to discharge a patient that might have otherwise been admitted for observation) or leading to a diagnosis that was unclear prior to the scan. To meet the threshold for 'major' impact, there had to be evidence that the POCUS scan avoided major disability or death. 'Negative' impact was any situation in which it appeared the patient would have been better not to have had the POCUS scan; that is, it delayed the correct diagnosis or resulted in inappropriate clinical management.
A specialist panel consisting of a radiologist, a cardiologist, an emergency medicine doctor with an interest in POCUS, a sonographer and an echocardiographer reviewed all the available images and undertook a further review of clinical records for 403 (40%) of the 1014 POCUS cases. Ultrasound is well established in radiology, cardiology and emergency medicine with recognised training and standards. The panel's principal role was to objectively assess the POCUS practice in the rural setting in the light of these standards. Three-hundred-and-fifteen cases were referred to the panel by the investigators for review because they considered that there was some uncertainty about the impact the POCUS might have had on patient management or there was a possibility the POCUS had a negative impact on patient care. In addition, the panel members reviewed all the 18 obstetric or pelvic scans because this type of scan was identified by the panel as being potentially problematic. The remaining 70 cases were a random sample of those not already reviewed by the panel.
Scans of the jugular venous pressure and inferior vena cava (IVC) were excluded from several outcomes (scan interpretation, accuracy of the POCUS findings and impact on diagnostic probability), either because it was not possible to assess the accuracy or they were not used to establish a diagnosis.
Statistical analysis was undertaken using IBM SPSS software Version 23 (IBM Corporation, Armonk, NY, USA). Descriptive statistics were used to describe the study outcomes (Table 1 ). The Spearman's correlation coefficient was used to establish the correlation between the patients' pre-and post-scan disposition and between the postscan and actual disposition.
Ethics approval
Ethics approval was obtained from the NZ Multiregion Ethics Committee (MEC/10/09/091) and in line with this, consent was obtained from the participating doctors.
Results
A description of the study hospitals is summarised in Table 2 . A separate paper details and discusses the scope of POCUS (i.e. the range and frequency scan type) being practised in this study. 10 The same paper also contains additional information on the hospitals, the participants and the characteristics of the patients scanned. All the participants were senior rural generalist doctors who had undertaken formal POCUS training.
Over the 9 months of the study, the 28 participating doctors undertook 1248 POCUS examinations on 1014 cases, and from these, 1409 POCUS findings were derived. Electronic records of images or clips were available for 1014 (81%) of the 1248 POCUS examinations.
The most commonly performed examinations were the heart, gallbladder, kidney, IVC and focused assessment with sonography for trauma. 10 Analyses of the POCUS examinations, cases and findings are presented in Tables 3-5 , respectively.
Scan quality
Members of the specialist panel were more likely than the participants to judge the quality of images to be good (62% versus 32%), but considered a similar proportion of scans to be non-diagnostic (8% versus 7%).
Accuracy of interpretation and findings
The two analyses that examined the POCUS accuracy produced similar error rates. About 10% of the participants' POCUS findings were incorrect when compared with definitive findings derived from the patient record. Similarly, when the POCUS images were reviewed by members of the specialist panel, the participants' interpretation was considered to be incorrect for 7% and only partially correct for 8%.
Diagnostic probability
The impact on diagnostic probability is illustrated in Figure 1 . The POCUS improved diagnostic certainty for 87% of cases, increasing the doctors' confidence that the principal diagnosis being considered was either correct or incorrect. For the remaining 13%, POCUS did not alter diagnostic probability. The mean change between pre-and post-test probability was 28% (standard deviation = 18) in either direction. Figure 2 tracks the planned disposition of each patient before and after the POCUS and shows the actual disposition. The correlation between the postscan and the actual dispositions is very strong (Spearman's correlation coefficient = 0.89; n = 902; P < 0.01), stronger than the correlation between prescan and post-scan dispositions (Spearman's correlation coefficient = 0.72; n = 902; P < 0.01). The correlation between pretest and actual disposition was weakest (Spearman's correlation coefficient = 0.66; n = 902; P < 0.01). Taken together, these indicate that POCUS altered the planned disposition of patients, moving it closer to what actually occurred. On occasions (8%), POCUS de-escalated the level of care, reducing the need for hospital admission and transfer. The care for 4% of patients was escalated by transfer to a specialist base hospital with the potential for improved outcomes.
Patient disposition

Overall impact on patient care
Point-of-care ultrasound was judged to have had no impact on patient care in 26% of the cases but the majority of patients (71%) were judged to have benefited. In 3% (30/1014) of the cases, the specialist panel determined that there was a possibility that POCUS could have had a negative impact on patient care. For six cases, POCUS delayed accessing definitive investigation or treatment, and in four cases, an alternative imaging modality should have been used. For 17 cases, this was in the form of an incorrect diagnosis, as FIGURE 1: Probability (in the view of the participating doctor) that the important diagnosis they are considering is correct both before and after they have undertaken the point-of-care ultrasound (POCUS) examination.
FIGURE 2: Impact of point-of-care ultrasound on the planned disposition of patients and the actual patient disposition.
detailed in Table 6 . In none of the cases did the panel find definitive evidence that POCUS had resulted in a serious adverse outcome.
Discussion
This study suggests that by increasing diagnostic certainty, POCUS is having a positive impact on patient care in rural NZ. At the same time, it raises important questions around quality and safety.
Quality and safety
The error rates for POCUS identified in this study are higher than those reported elsewhere, which quote sensitivities and specificities between 96 and 100% for the detection of abdominal aortic aneurysm (AAA) and pericardial effusion. 11, 12 Several factors might be responsible for this. Previous studies were usually conducted in urban academic emergency departments and involved a single POCUS examination. The rural generalists in this real-world study were practising a broad scope of POCUS, including complex examinations, such as evaluating left ventricular function, which is technically more difficult than the detection of AAA or a pericardial effusion. They often had few, if any, other imaging options available. The standards expected of the rural doctors in this study were set not by their colleagues, but by the specialist panel that would be accustomed to a different clinical context. The considerable inter-observer variation in interpretation that is known to occur, even among experienced radiologists, should also be taken into account when considering these results. 13, 14 Regardless of these considerations, the results of this study highlight the potential risks of POCUS, helping to confirm that it can be a technically difficult set of skills to learn. Careful consideration therefore needs to be given to standards of training, safe scopes of practice and ongoing quality assurance for POCUS in the rural setting.
The review of clinical records that was overseen by the specialist panel was more reassuring, demonstrating that POCUS benefited the majority of patients, often significantly. Despite the identification of technical and image interpretation problems, only occasionally there was a possibility that the POCUS compromised patient care and on no occasion was there definitive evidence of an adverse outcome. The participating doctors in this study appeared to be aware of the limitations of their POCUS skills and, when appropriate, gave more weight to the information gained in the rest of the clinical assessment. A number of characteristics of safe POCUS practice have been identified. These include being focused and goal-directed, with easily recognisable findings using techniques that can be easily learnt. 6, 15 The results of this study reinforce a further feature of safe POCUS practice: the importance of using it as an adjunct to the clinical assessment performed by a clinician involved in the patient's care. Because POCUS is performed by the clinician in real time at the bedside, the findings can be clinically interpreted with the patient's symptoms and physical signs. 6, 16 The beneficial patient outcomes observed in this study cannot be generalised to POCUS as a stand-alone, referred or consultative investigation.
The decision to transfer a patient to a distant institution has implications for patients and their families that go beyond the level of clinical care they receive. These are some of the most resource-intensive decisions rural doctors routinely make. 17 Even a relatively small overall reduction in inter-hospital transfers, as demonstrated in this study, will result in significant savings for individual patients and the health care system.
Limitations
The number of cases scanned without the requested data collected is unknown. For other patients, data are missing for some variables because the participant failed to complete sections of the questionnaire or to keep electronic records of the images. How much information was collected varied between participating doctors. For example, two of the participants were responsible for 22% of the cases in which the information on the self-reported scan quality was missing. These two doctors undertook only 6% of all the scans. One doctor completed this section of the questionnaire only 20% of the time, while 18 doctors completed it more than 90% of the time and 10 doctors completed it 100% of the time.
The participants recorded a 'planned' or 'intended' patient disposition, which might have differed from what they would have actually done. The strong correlation between the postscan disposition and actual disposition suggests that this difference was small. Both the reviewing investigators were rural generalist doctors who had actively promoted POCUS in rural NZ, increasing the potential for bias. The inclusion of the specialist panel from other branches of medicine reduced this potential for bias. This is the first study conducted in the resource-limited context of rural medicine to evaluate the quality and safety of POCUS and its impact on patient care. We have demonstrated that the information obtained by POCUS alters patient management, including reducing hospital admissions and inter-hospital transfers, and when used as an integrated component of a clinical assessment, improves patient outcomes. We have highlighted the challenge of learning and maintaining the skills to safely practise the broad scope of POCUS by rural doctors. Further research needs to be done to define a safe scope of POCUS practice in rural areas and how to support this with the right training, credentialing and quality assurance programs.
